The Northeast region is the location of most cases of acute hepatitis A virus (HAV) in Brazil. In the present study, the genotypes of HAV strains from Pernambuco State, one of most populous states in the Northeast region, were characterized. Blood samples positive for anti-HAV IgM from 145 individuals (mean age = 29.1 years), collected during 2002 and 2003, were submitted to nested RT-PCR for amplification of the 5'non-translated region (5'NTR) and VP1/2A regions of the HAV genome. The VP1/2A and 5'NTR regions were amplified in 39 and 21% of the samples, respectively. Nucleotide sequencing was carried out in 46% of VP1/2A and in 53% of 5'NTR isolates. The identity in nucleotide sequence of the VP1/2A region ranged from 93.6 to 100.0%. Phylogenetic analysis of the VP1/2A sequences showed that 65% belong to sub-genotype IA and 35% to sub-genotype IB. Co-circulation of both sub-genotypes was observed in the two years studied. Distinct clusters of highly related sequences were observed in both sub-genotypes, suggesting endemic circulation of HAV strains in this area. In the 5'NTR isolates, 92.7-99.2% identity was observed and two isolates presented one deletion at position 413. Phylogenetic analysis showed that genotype IA strains cluster in the tree in the same way as genotype IB strains, but one IIIA isolate from Spain clusters with genotype IB strains. These results do not allow us to state that 5'NTR could be used to genotype HAV sequences. This is the first report of co-circulation of sub-genotypes IA and IB in this region, providing additional information about the molecular epidemiology of HAV strains in Brazil. 
Introduction
Hepatitis A virus (HAV) is an RNA virus belonging to the hepatovirus genus in the Picornaviridae family (1). HAV isolates from different parts of the world have been classified into six genotypes based on a 168-nucleotide sequence at the virion protein 1 and 2A genes (VP1/2A junction) (2, 3) . The most frequent human genotype is genotype I (more than 80%), which has been divided into two sub-genotypes: IA and IB.
HAV is usually transmitted by the fecaloral route through contaminated water and L.M. Villar et al. food or by person-to-person contact in schools and in day-care centers (4-7). The epidemiology of HAV infection in Brazil is characterized by a heterogeneous pattern, with low endemicity observed in the South and Southeast regions, with an anti-HAV prevalence rate of 55.7%, whereas the highest anti-HAV rates, 92.8 and 76.5%, are observed in the North and Northeast regions, respectively (8) . This situation demonstrates the importance of carrying out epidemiological studies in the North and Northeast regions of Brazil. In previous studies by our group on the molecular epidemiology of HAV in Brazil (7, 9, 10) , sub-genotypes IA and IB were detected among acute HAV cases and among HCV-co-infected patients in the Rio de Janeiro population, whereas in other 8 states of Brazil only sub-genotype IA was found. More detailed studies are necessary to determine the real distribution of HAV genotypes in our country, and for this reason we presently evaluated the circulation of HAV subgenotypes in Pernambuco State, one of the most populous states of the Northeast region.
Recently, it was demonstrated that the central part of the 5' non-translated region (5'NTR) of HAV might be correlated with the severity of HAV infection (11, 12) . In order to study the variability of the nucleotide sequence in both regions of the HAV genome and to identify the genotypes circulating in the Northeast region of Brazil, direct nucleotide sequencing and phylogenetic analysis were performed on HAV strains obtained from patients reported to the Public 
Serological tests
Anti-HAV IgM antibodies were detected in serum samples with commercially available ELISA kits (Organon Teknika, Boxtel, The Netherlands) according to manufacturer instructions. To exclude other etiologies of hepatitis, serum samples were also tested for hepatitis B surface antigen (HBsAg) and for IgM antibodies directed against the HBV core protein (anti-HBc IgM) using Hepanostika HBsAg Uni-form II and HBc IgM kits (Organon Teknika), respectively. The presence of anti-HCV antibodies was tested by enzyme immunoassay (UBI HCV EIA 4.0 kit, Organon).
HAV RNA amplification and sequencing Viral RNA was extracted from 100 µL of serum by a modified version of the TRIzol ® method (Life Technologies, Rockville, MD, USA) as described previously (7). Reverse transcription was carried out at 37ºC for 1 h with a random primer (Life Technologies) and using Moloney murine leukemia virus reverse transcriptase (Life Technologies). One half of the cDNA was used in a PCR assay that amplified parts of VP1/2A junction. After 4-min denaturation at 94ºC, DNA was amplified for 30 cycles at 94ºC for 30 s, 40ºC for 30 s, 72ºC for 1 min, and an additional 7 min at 72 o C in the last cycle, in a final volume of 50 µL using Taq polymerase (Life Technologies). The primers used in this first round of PCR were based on previ-ously described sense +2897 and antisense -3288 primers (13) , degenerated as follows to be able to amplify all HAV genotypes ('universal primers'): 5' CTATTCAGATTG CAAATTAYAAT 3' (sense) and 5' AAYTT CATYATTTCATGCTCCT 3' (antisense), where Y represents C or T. Nested PCR was carried out with 1 µL of the first round PCR product for 30 cycles under the same conditions (except that the annealing temperature was increased to 48 o C). Internal primers were +2949 and -3192 (2) modified as follows: 5' TATTTGTCTGTYACAGAACAATCAG 3' (sense) and 5' AGGRGGTGGAAGYACTT CATTTGA 3' (antisense), where R represents A or G.
For nested RT-PCR for 5'NTR, we used a protocol described by Pina et al. (14) . A 10-µL sample of cDNA was used for amplification that was carried out in a 50-µL reaction mixture with 25 pmol of each primer: HAV1 (TTGGAACGTCACCTTGCAGTG) and HAV2 (CTGAGTACCTCAGAGG CAAAC) and Taq polymerase (Life Technologies). The first denaturation cycle was carried out for 3 min at 95ºC, followed by 30 cycles of denaturation at 95ºC for 60 s, annealing at 55ºC for 60 s, and extension at 72ºC for 60 s. The final extension step was done at 72ºC for 5 min. Then, 1 µL (1/50) of the reaction mixture was added to a new batch of a 50-µL PCR mixture containing 25 pmol of each nested primer: neHAV1 (ATCTCTTTGATCTTCCACAAG) and neHAV2 (GAACAGTCCAGCTGTCAA TGG) for a new PCR amplification cycle following the same procedure.
Amplicons of expected size (244 bp for VP1/2A and 290 bp for 5'NTR) were purified using the QIAquick Gel extraction kit (Qiagen, Valencia, Spain) according to manufacturer instructions. The direct nucleotide sequencing reaction was carried out in both directions with the Big Dye Terminator kit (Applied Biosystems, Foster City, CA, USA) and an automatic DNA sequencer model ABI Prism 310 (Applied Biosystems). The sequences reported in this paper have been deposited in the GenBank sequence database under the following accession numbers: AY995696 to AY995711 for the 5'NTR sequences and AY994302-AY994310; DQ002551-DQ002567 for the VP1/2A sequences.
To avoid cross-contamination between samples, standard precautions were applied in all manipulations. Separate areas were used for reagents, for samples and for manipulation of the amplified products. All samples were analyzed twice in independent experiments and samples from healthy persons were always used as negative control for each reaction.
Sequence analysis
Algorithms within the GCG package (Wisconsin Sequence Analysis Package; Genetic Computer Group, Madison, WI, USA, version 10.1) were used for alignment of nucleotide and deduced amino acid sequences. Initial multiple alignments were performed with the PILEUP program; further adjustments of the alignments were performed manually using visual correction based on sequence comparison generated with the PRETTY program in GCG. Phylogenetic trees were created by the neighborjoining method and the Kimura two-parameter model (15) using the computer software MEGA 2.1 (16) and their reliability was assessed by bootstrap resampling (1000 pseudo-replicates).
Statistical analysis
Data are reported as means ± SD. Frequencies were compared using the χ 2 test for independence with Yates's correction, with the level of significance set at P < 0.05 (twotailed). All statistical analyses were carried out using the Graph Pad Instat 1998 software, version 3.01 for Windows 95 (Graph Pad Software, San Diego, CA, USA).
Results
Of the 145 anti-HAV IgM samples collected from patients (sporadic cases) who were referred to C.P.H.L.P.S., none was positive for anti-HBc IgM, HBsAg or anti-HCV. Of 145 acute hepatitis A cases, 51.03% were male, the mean age was 29.1 years (range, 0-58 years), and 45% were older than 10 years. Fifty-six percent of the individuals reported signs and symptoms of acute hepatitis such as jaundice, nausea, and dark urine and 18% were asymptomatic. The VP1/2A sequence was amplified in 39% samples whereas the 5'NTR region was detected in 21%. In addition, 17% of the individuals were positive for both regions. HAV positivity did not correlate with age, sex, city of residence, or presence of symptoms (Table 1) .
For nucleotide sequencing, only positive nested RT-PCR samples presenting sufficient DNA quantities (20 ng/µL) were used; thus, 46% of the VP1/2A regions and 53% of the 5'NTR regions were sequenced. Comparison of 218 nucleotide sequences from the VP1/2A region of Pernambuco HAV isolates with different reference strains showed that all sequences belonged to genotype I, 17 of them as sub-genotype IA and 9 as sub-genotype IB. The identity in nucleotide sequence ranged from 93.6 to 100.0% among genotype IA strains and from 95.0 to 100% among genotype IB isolates. HAV sequences from the VP1/2A region studied are displayed in the phylogenetic tree constructed by the neighbor-joining method (Figure 1 ) that includes reference sequences from genotypes IA, IB, IIIA, and IIB. Co-circulation of sub-genotypes IA and IB was observed in the two years of the study (2002 to 2003), but in the last year most of the sequences belonged to sub-genotype IB (6/ 11). Separate clusters of related HAV strains can be observed among isolates from Pernambuco of both genotypes.
Analysis of 248 nucleotides of the 290-bp nested PCR amplicons from the 5'NTR sequences showed 92.7-99.2% identity among them. None of these sequences were identical to each other; however, two isolates (PE-19920 and PE-19921) shared one deletion at position 413. These samples be- Figure 3 . Identity in amino acid sequence ranged from 93.1 to 100% among IA strains and from 90.3 to 100% among IB strains. In sub-genotype IB, mutation in nucleotide sequence produces proportionally more changes than in IA strains, where most substitutions are in the third position. Therefore, 13 sub-genotype IA strains showed identical amino acid sequences whereas only three IB sub-genotype isolates showed the same amino acid sequence. However, the difference in the number of amino acid changes among isolates from two subgenotypes was not statistically significant (P = 0.82; χ² for independence = 0.05).
Discussion
Brazil exhibits a very heterogeneous pattern of endemicity for HAV infection, varying according to geographical region and socioeconomic groups. In the past, Brazil was considered to be an area of high endemicity with nearly all people being infected in early childhood (4). However, recent epidemiological studies have demonstrated that, except for the North region, there has been a shift from high to medium endemicity of HAV infection, which may result in more clinical cases as the consequence of an increased number of individuals susceptible to infection, mainly adolescents and adults (5- Figure 2 . Phylogenetic tree analysis of the 5'NTR in hepatitis A virus (HAV) isolates from Pernambuco (PE). A 290-bp segment of the HAV 5'NTR was analyzed using the two-parameter model of Kimura (see Ref. 15) . The numbers on the branches show bootstrap percentages obtained after 1000 replicates of bootstrapping sampling. The length of bars shows distances. The numbers in parentheses indicate the genotype of this isolate according to the VP1/2A region. Note that not all of the 5'NTR sequences were amplified in the VP1/2A region. Isolate AF386827, displayed in the box, belongs to genotype IIIA and clusters with IB strains. Reference sequences from Genbank included genotype IA strains (HAS15 x15464), genotype IB strains (HM175 m14707) (MBB m20273), genotype IIB strain (SLF88 ay644670), genotype IIA strain (CF53 aj299464), and other sequences from acute cases of hepatitis A virus that appear as the Genbank number. 7, 17, 18) . In the present study, we observed that 45% of acute cases were identified among individuals older than 10 years, a situation normally found in regions of intermediate endemicity, confirming a change from high to medium endemicity in this region. Furthermore, the prevalence of HAV infection increased proportionally to age in the other 55% of individuals, since 16% of the individuals aged less than 5 years and 39% of the individuals aged 5 to 10 years were acutely infected. These findings agree with the results of several seroepidemiological studies that have shown a marked change in the epidemiological pattern of hepatitis A in many parts of the world due to improvements in living standards (19) (20) (21) .
Phylogenetic analysis of the nucleotide sequence of the VP1/2A region of the HAV genome classified all isolates as genotype I, confirming former epidemiological data demonstrating that this is the main genotype circulating in Brazil (7, 10, 22) as well the most widespread genotype in the world (2, 23, 24) . Additionally, we identified the simultaneous presence of sub-genotypes IA and IB in 65 and 35% of cases of HAV infection, respectively. The presence of both sub-genotypes has not been detected previously in the Northeastern region. de Paula et al. (10) observed that all HAV sequences belonged to sub-genotype 1A in other States of the Northeastern region. Only in the Southeastern region was the co-circulation of subgenotype 1A and 1B detected before (7, 22) .
HAV isolates from Pernambuco State formed distinct clusters of highly related sequences and this is consistent with previ- 
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257 300 1 28 HM175(IB) FYFPRAPLNS NAMLSTESMM SRIAAGDLES SVDDPRSEED KRFE SHIECR KPYKELRLEV GKQRLKYAQE ELous speculation about low rates of accumulating mutations among HAV strains and the development of specific ecological niches (23) . Thus, these data suggest that there is a circulation of endemic HAV strains in this region, as demonstrated in other regions of Brazil (7, 10) . Moreover, the presence of the same strains sharing the same nucleotide sequence might indicate the presence of unidentified epidemic foci, since these isolates were identified in cases that occurred during a short period of time (most of them in December 2002).
The Pernambuco genotype IB isolates differ in predicted amino acid sequences amongst themselves as compared to genotype IA strains. However, the difference in the number of amino acid changes is not significant. Furthermore no one has shown that these differences alter infectivity. Fujiwara et al. (25) demonstrated that disease severity was not associated with the nucleotide sequence of the HAV genotype-determining region.
In the 5'NTR, few nucleotide substitutions were observed among our isolates when compared to VP1/2A sequences, confirming the conserved nature of this region. However, the amplification of 5'NTR was less efficient than one would have expected in this conserved region. Phylogenetic analysis based on the 5'NTR region produced an apparent separation between IA and IB subgenotypes. However, taking into consideration the misclassification of the IIIA strain into the IB group, we may assume that the 5'NTR region, probably due to the highly conserved nature of the sequences, does not contain sub-genotype-specific motifs which faithfully reflect the diversity of the VP1/2A region and therefore is not appropriate for use for sub-genomic classification.
Interestingly, two isolates shared one deletion at position 413 in the 5'NTR region. Recent studies have demonstrated that alterations in the central part of the 5'NTR region of HAV could result in significant functional changes of the virus. Brown et al. (26) showed that deletion of base 447 slightly decreased translation, while deletion of base 533 almost completely abolished it. Furthermore, they demonstrated that G to U mutation at nucleotide 646 localized in the terminal part of 5'NTR could alter the secondary structure of the HAV genome. Schultz et al. (27) reported that mutations within the 5'NTR region of cell-adapted HAV enhance capindependent translation directed by HAV IRES in a cell type-specific fashion. The deletion found in the present study had never been identified in HAV isolates and therefore we could not predict an alteration in secondary structure or HAV translation. Fujiwara et al. (12) reported a possible association between the severity of type A hepatitis and nucleotide substitutions in the middle part of 5'NTR. However, in our study the presence or absence of symptoms was not associated with the mutations in this part of genome.
The sequence analysis of HAV strains from the Northeast region of Brazil indicated that they are closely related, suggesting an endemic circulation of the same HAV strains in this region. The high incidence of acute cases observed among adolescents and young adults, in whom HAV infection usually causes a more severe infection, indicates the necessity of reviewing the strategy for hepatitis A vaccination. This is the first report of co-circulation of sub-genotypes IA and IB in this region, providing additional information about the molecular epidemiology of HAV in Brazil.
